Sponges present a wide variety of metabolites, and are considered one of the hotspots in research on the chemistry of natural products. Sterols from sponges have received attention because they present patterns of branches that distinguish them from all other living organisms. Freshwater sponges, native to rivers and lakes, have been studied chemically throughout the world, but there have been no studies on sponges from the Amazon region. The present work describes the sterols present in freshwater sponges collected in Anavilhanas, the world's second largest river archipelago, in the Negro river (Amazonas-Brazil), focussing on species whose family has not been studied previously in regard to their chemistry of natural products. Using a set of derivatization reactions for identification by chromatographic and spectrometric techniques, it was observed that the steroid extracts of sponges of the species Metania reticulata, Drulia browni and Drulia uruguayensis (Metaniidae) present 24-ethyl-cholest-5,22-dien-3b-ol as the principal sterol. Cholesterol, the main sterol in Spongillidae and Lubomirskiidae, was already detected but as a minor component along with three other sterols.
Introduction
Sponges are aquatic animals that occur in marine and continental environments. The lipids found in sponges differ significantly from those found in other living organisms, hence their great scientific interest. The chemistry of natural products of these organisms is extremely abundant in new constituents, and around 285 new substances were described in 2009 and 2010. In these two years alone, twenty-four new sterols were described in sponges (Blunt et al., 2011 (Blunt et al., , 2012 .
The number of sterols present in sponges varies greatly according to the species, but is generally limited to between seven and ten. In many cases, there is just one sterol, which occurs as the principal sterol, with the others appearing only in trace amounts (Bergquist et al., 1986) . These characteristics favour a chemosystematic approach, in which the principal sterols could be used as markers for the species.
Sponges acquire their sterols in four different ways: through direct biosynthesis; by ingestion; by modification of ingested sterols, or by biosynthesis associated with some symbiotic organism (Goad, 1983; Djerassi and Silva, 1991) .
Studies with sterols are generally carried out using chromatographic techniques, whether with isolation for identification, or by the use of gas chromatography coupled to mass spectrometry (GC-MS) (Makarieva et al., 1991 , Kolesnikova et al., 1992 , Santalova et al., 2004 , Santalova et al., 2007 , Aknin et al., 2010 . This technique enables the use of various tools, such as the use of standards for calculating relative retention times; derivatization; and the use of mass fragmentation for the definition of easily observable patterns.
The first reports of the existence of sponges in the Amazon date back to second half of the 19th Century, by European naturalists (Volkmer-Ribeiro, 1999) . Modern taxonomy and population studies first began with the work of Volkmer-Ribeiro and Rosa Barbosa (1972) with sponges collected in the Juruá river. Subsequently, various other works were published, showing the variety and relative ease of access to these organisms during the dry season (Volkmer Ribeiro and Becker Maciel, 1983; Volkmer-Ribeiro, 2000; Batista et al., 2002; Fusari et al., 2009; Volkmer-Ribeiro et al., 2009) .
Despite being known for more than a century, and being abundant in the various clear water, white water, or even black water rivers of Amazon region, freshwater sponges of this region have never been studied chemically.
This work seeks to identify the sterols present in freshwater sponges of the Amazon region, collected from the second largest river archipelago in the world, in the Negro river, using gas chromatography and mass spectrometry, as a contribution to their classification within the enormous diversity seen in the phylum Porifera.
Materials and methods

Animal material
The sponges were collected in the National Park of Anavilhanas, the headquarters of which is in the municipality of Novo Airão, Amazonas. They were collected dry due to the water cycle. The coordinates of the collection point were determined using a GPS device, and after identification by microscopic techniques (Volkmer-Ribeiro, 1985) , voucher specimens were deposited at the Museum of National Sciences of the Fundação Zoobotânica do Rio Grande do Sul (Zoobotanical Foundation of Rio Grande do Sul). The collections were authorized by the official body of the Brazilian government (SISBIO No. 21114-1 
Extraction
For the production of low polarity extracts, the sponges were collected dry, out of the water. Preliminary chromatographic studies showed that the chemical composition of these sponges is unaltered when they are collected fresh, from below the waterline, and immediately extracted; or dry, in the dry season.
The sponges were cleaned to remove small leaves and branches adhering to them, as well as sand, and any insects. They were ground, then extracted with hexane in a Soxhlet device for 12 h.
Obtaining the steroid fractions
The extracts were chromatographed in silica impregnated with KOH, at a proportion of 1 g of sample to 40 g of silica, using dichloromethane as mobile phase to obtain the non-acid fraction, and methanol for the acid fraction.
The non-acid fraction was chromatographed in an open silica gel column with a ratio of 1:50 of sample mass to silica mass, using hexane as mobile phase with an increasing gradient of ethyl acetate (5, 10, 20 and 100%), and the fractions obtained were analysed by thin layer chromatography using solution 0.02 g of CuSO 4 in H 2 SO 4 2 N as detection reagent and grouped by similarity.
The fraction obtained with rf close to that presented by the cholesterol standard was chromatographed in a flash column, with a diameter of 2 cm and height of 15 cm, using chloroform and ethyl ether as mobile phase at a proportion of 1:1 (v/v). The fractions obtained were analysed by thin layer chromatography again, and grouped by similarity.
Acetylation of the sterols
The steroid fraction was solubilized in pyridine to obtain a concentration of 10 mg/mL. Next, an equal volume of acetic anhydride was added, together with DMAP in catalytic amount. After 1 h, the reaction flask was transferred to an ice bath, and 5 drops of H 2 SO 4 2 N were added. The solution was then submitted to water-chloroform partition, the organic phase, containing the acetylated sterols, was washed with dry HCl 1 N with NaSO 4 anhydride, then the solvent was evaporated.
Gas chromatography
The extracts and steroid fractions were analysed in gas chromatography with flame ionization detector in a Shimadzu GC model 2010 device, and gas chromatography coupled with a Shimadzu model QP 2010 mass spectrometer. The column used was DB-5 (30 m Â 0.25 mm Â 0.25 mm) and the oven temperature was started at 100 C with increments of 5 C per min up to 290 C, with a 10 min isotherm.
The acetylated sterols were analysed in the same chromatograph and with the same column, using a 50 min isotherm at 280 C with co-elution of the acetylated cholesterol standard.
Results and discussion
Anavilhanas is the second largest river archipelago in the world, the result of an alteration in the course of the Negro river, the largest black water river in the world, as the result of a neotectonic process. The complex system is a National Park (created in 2008) comprising hundreds of islands, lakes, canals, wetlands and partially submerged sandbanks, occupies an area of 350,018 ha, approximately 70 km upriver the confluence of the Solimões river, where the Amazon river is formed (Almeida-Filho and Miranda, 2007) . This region, as many other flood plains of the Amazon, has large communities of sponges, which has adapted to the cycle of flood and dry season, characteristic of the region (Volkmer Ribeiro, 1981) . However, only a single work describes the sponge fauna of black water environments of the Amazonian biome. This study was carried out by the Tupé Sustainable Reserve, where a high abundance of sponges of the Metaniidea family was observed (Volkmer-Ribeiro and Almeida, 2005) .
In initial expeditions to the Anavilhanas archipelago was possible to observe a large quantity of sponges in certain areas, belonging to a same species, forming what could be called "cauxizal", based on the vulgar name of the sponges used by the local inhabitants: "cauxi". Adhered to the trees and bushes of the region of flooded forest, the species M. reticulata is found almost exclusively. In lower points, only accessible in the dry season, it was possible to see vast "carpets" of sponges adhering to small rocks or grasses, with a high prevalence of the species D. uruguayensis. With lesser frequency, it was also possible to identify sponges with globular appearance, adhered to branches of the groves of trees subject to flooding. These were identified as D. browni.
Sterols are the most common chemotaxonomic markers in sponges, with their acetylated derivatives being commonly analysed by their mass spectra and relative retention times (to cholesterol) and compared with literature data to marine (Santalova et al., 2004 , Santalova et al., 2007 , Aknin et al., 2010 and freshwater sponges (Manconi et al., 1988 , Makarieva et al., 1991 , Kolesnikova et al., 1992 . Aiming the chemotaxonomic correlation of the species from Anavilhanas with literature, an acetylated cholesterol standard was used in order to identity the steroidal constituents by GC-FID and GC-MS data, allowing the identification of the main constituents in the steroid fractions of the hexane extracts (Fig. 1) , and quantify them (Table 1) .
Cholesterol (I) is the sterol commonly found as the principal sterol in cell membranes in the animal kingdom, particularly vertebrates, although various marine invertebrates present sterols with modified skeletons or with alkyl groups in the side chain as principal sterols. In freshwater sponges of Spongilla lacustris and Ephydatia fluviatilis species, of the Spongillidae family, and Lubomirskia baicalensis, belonging to the Lubomirskiidae family, cholesterol is the principal sterol and corresponds to 74%, 66% and 56% of the steroid fraction, respectively (Manconi et al., 1988 , Kolesnikova et al., 1992 , Hu et al., 2009 .
The results obtained in the present study differ significantly from the reports for other species of freshwater sponges, since cholesterol (I) was not the principal constituent in any of the species studied. In the species M. reticulata, cholesterol represents only 8.2% of the hexane extract, compared with 23.6% for the sterol 24-ethyl-cholest-5,22-dien-3b-ol (IV). A similar result was found for the species Drulia brownii, in which cholesterol (I) represents 11.9% while 24-ethyl-cholest-5,22-dien-3b-ol (IV) represents 32.0%. For the species D. uruguayensis this difference was even greater, only 5.5% of the extract corresponded to cholesterol (I) while represented 23.7% of the same extract.
The sterol , the principal component in all the species of the study, has previously been reported for L. baicalensis, in which it represents only 3.6% of the steroid mixture (Kolesnikova et al., 1992) ; demonstrating that this substance is a valuable candidate for use as chemotaxonomic marker for the Metaniidae family, while cholesterol can be used as a marker for the Spongillidae and Lubomirskiidae families. There have been no chemical studies reported in the literature for the families Malawispongidae, Metschnikowiidae and Potamolepidae.
The prevalence of uncommon sterols, in some cases, can be associated with the presence of membranolytic agents, functioning as a defence of the organisms against its own metabolites (Zimmerman et al., 1989 , Makarieva et al., 1998 , Santalova et al., 2004 , Aknin et al., 2010 . This interaction between the metabolites of different routes of the same mechanism is called "biochemical coordination".
The other three sterols found 24-methyl-cholest-5,22-dien-3b-ol (II), 24-methyl-cholest-5-en-3b-ol (III) and 24-ethylcholest-5-en-3b-ol (V) -are also reported as minority compounds in the species L. baicalensis (Kolesnikova et al., 1992) , S. lacustris and E. fluviatilis (Manconi et al., 1988) .
The sterols D 5 e D 5,22 generally occur in associated form, just as the prevalence of a sterol C 29 with the presence of sterols C 28 and C 27 of the same skeleton at a significant concentration indicates specific biotransformations already reported for sponges (Bergquist et al., 1980) . The capacity of sponges to biosynthesize common and unusual sterols has been reported by various authors (Kerr et al., 1989; . The metabolic arsenal of sponges, both marine and freshwater, is also capable of converting 24-alkyl sterols substituted in cholesterol, and surprisingly, the reverse process also occurs within the same species (Malik et al., 1988 , Kerr et al., 1990 , Kerr et al., 1992 , enabling these animals to transform incorporated sterols according to their needs.
The range of results does not demonstrate a relationship between the species and the steroids present in them, but the presence of the same set of five principal sterols in the three species studied may represent a characteristic for the family Metaniidea. This being the first work with freshwater sponges of this family, there is an evident need for further studies to establish a chemotaxonomic relationship. Santalova et al., 2004 , Kolesnikova et al., 1992 Relative retention time. c Sum of the concentration of all the sterols detected in the extract in hexane.
